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One of the primary goals of prevention science is to identify prevention programs or interventions that are tested and effective. To serve this goal, the lion's share of analytic approaches used by prevention scientists test whether or not the intervention produces a significant difference from a control group or a comparison group. In recent years, prevention science has called for tests of whether the effects of interventions are universal or if the effects of an intervention are stronger among some subpopulations than others (Flay et al. 2005) . A less studied, but equally important goal, is to understand why some applications of a prevention system or intervention are more successful than other applications. That is, across a number of organizations, schools, or communities that implement an intervention, there is undoubtedly variation in the success of that intervention. For example, with respect to communitybased prevention programs, it is likely the case that characteristics of a community can impact the strength of the effect of the intervention. Yet, relatively little research seeks to understand how characteristics of the implementation of the intervention lead a program or system to be more or less successful. In the context of a randomized matched-pair design, examining how characteristics of a pair contribute to the success of an intervention is an important step in understanding the effects of the intervention.
One reason that little research investigates heterogeneity within matched pairs with respect to intervention effects is that, analytically, traditional approaches for testing intervention effects cannot estimate a randomly varying intervention effect (i.e., if the effect of an intervention varies across matched pairs). In any study design where the intervention is randomized to a matched pair (a one-to-one match), the level 2 intervention effect is synonymous with the level 3 grouping. For example, in a matched-pair trail of a community-based prevention program, an appropriate hierarchical model would consist of three levels. At level 1 would be youth outcomes, which are viewed as nested within communities (level 2) and intervention and control communities (matched pairs; level 3). The test of the intervention effect is a level 2 predictor of level 1 outcomes. If the study design uses one-to-one matching where one control community is matched to one experimental community, the test of the intervention effect at level 2 is synonymous with the clustering at level 3. That is, when estimating the intervention effect at level 2, the information estimated is identical to the level 3 grouping, meaning that the intervention effect cannot be allowed to vary at random across level 3 units (matched pairs). Thus, while hierarchical models are ideal for testing the overall effects of an intervention, they do not allow for investigators to test if the intervention was relatively more or less successful across matched pairs.
One analytic strategy that overcomes this statistical limitation in the context of this commonly used matched-pair design in prevention experiments is to conduct a metaanalysis of matched pairs within the randomized control trial. A meta-analytic strategy allows for an investigation of intervention effects within each matched pair, the overall intervention effect across matched pairs, and the variance of the intervention effect across matched pairs. The ability to examine if the intervention effect varies significantly across matched-pairs has the potential to answer important questions about why an intervention may be more successful in one set of matched pairs compared to other matched pairs. Indeed, testing for significant variance of an intervention effect across matched pairs is an important supplemental analysis to tests of the overall intervention effect. Yet meta-analytic approaches of matched-pair randomized trials that fail to account for the hierarchical nature of the data are incorrectly assessing effect sizes and standard errors. Specifically, each matched pair is not independent of the others, since the effects are drawn from the same randomized control trial. This additional source of variance, called the between-group variance, is important to account for in matched-pair randomized trials in order to accurately reflect the structure of the data and the study design. Although traditionally this was a valid and significant limitation of conducting a meta-analysis of such data, recent advances in statistics have enabled a meta-analysis to take both withingroup (i.e., within matched pair) and between-group (i.e., between matched pair) sources of variance into account. One possibility is to account for between sources of variance when deriving an effect size (Dunlap et al. 1996) . Alternatively, meta-analysis can be estimated within a hierarchical linear modeling (HLM) framework, which simultaneously takes into account both within-group variance as well as between-group variance (Raudenbush and Bryk 1996) . Thus, it is possible to conduct a meta-analysis of matched pairs in a single randomized control trial and to accurately account for variance due to the nested structure of the analytic design.
Ultimately, analyzing intervention effects with a metaanalytic approach could allow researchers to assess why an intervention might be more successful in certain matched pairs of communities compared to others, yet this technique is not often applied in the context of matched-pair randomized control trials. Given that utilizing this strategy could allow investigators to address important questions about implementation and success of an intervention, it is important for prevention science that researchers take stock of variance in intervention effects within a given sample. One reason that meta-analysis of matched-pair randomized control trials is not commonly applied is that information regarding this approach is generally not published in prevention science outlets. Indeed, to conduct such an analysis would require the use of a number of different primary sources from statistical literature. Because this approach is new to prevention scientists, particularly in terms of application to analyzing intervention effects within a single matched-pair randomized trial, the goal of the present study is to illustrate the usefulness of a meta-analytic technique, providing the conceptual and statistical bases for these models. The present study illustrates the use of meta-analyses for prevention scientists using data from the Community Youth Development Study, which tests the effectiveness of the Communities That Care (CTC) prevention system in preventing delinquent behavior prior to the end of the eighth grade in a randomized matched-pair study of 24 communities.
Communities That Care
The CTC system operates at the community level and guides a coalition or board of community stakeholders to select preventive interventions from a menu of diverse tested and effective prevention programs that address the specific risk factors which assessments show are elevated within the community. Because risk and protective factors for delinquency vary across communities, this prevention system provides a community-specific assessment and a list and description of interventions that have been found in controlled studies to prevent problem behaviors. Communities select from this list programs that address their prioritized risk and protective factors. To capitalize on the heterogeneity across communities, the present study uses a meta-analytic strategy to derive an effect size for each of the matched pairs of communities in the study and to estimate an overall effect size of the CTC prevention system on delinquent behavior across the 12 matched pairs of communities in the study.
The CTC system is guided theoretically by the social development model (SDM) (Catalano et al. 1998; Hawkins and Weis 1985) , which posits that social development is a process in which key socialization elements -families, schools, and peers -influence behavior directly and indirectly. Within each unit of socialization, three process variables (opportunities for involvement and interaction, skills for participation, and reinforcement for behavior) determine whether a youth will develop a bond of attachment to, commitment to, and belief in conventional (e.g., nondeviant) or nonconventional (e.g., deviant) society.
The SDM is an integration of elements of control, differential association, and social learning theories. Tests of control theory (Hirschi 1969) have found that 'attachment' to family, school, and conventional others; 'commitment' to conventional action; and 'belief' in the validity and legitimacy of the legal order are elements of a social bond to conventional society. This bond to society prevents delinquency because youth have become bonded to conventional aspects of society. From a control perspective, prevention efforts should seek to strengthen the elements of the social bond (attachment, commitment, and belief) between a youth and conventional society. While control theory specifies the elements of the social bond that protect an individual from becoming delinquent, the theory does not specify how social bonds develop within units of socialization. The SDM uses differential association (Matsueda 1982 (Matsueda , 1988 Matza 1969; Sutherland 1973 ) and social learning theory (Akers 1977; Akers et al. 1979 ) to identify the process by which social bonds develop and delinquent behavior is extinguished or maintained.
Differential association posits that youth are exposed differentially to opportunities to engage in behavior. Specifically, youths may encounter opportunities for interaction with prosocial others or opportunities to interact with those engaged in antisocial behavior. Within the opportunities described by differential association, social learning theory suggests that behavior is learned when it is rewarded and it is not learned or is extinguished when it is not rewarded or is punished. In the context of a social interaction with prosocial others or others involved in antisocial behavior, the skill of the individual in these interactions influences the reinforcement that individual receives. Positive reinforcement for skillful involvement is expected to create or strengthen a bond to the others with whom the individual interacts. If the individual develops strong bonds to prosocial others, these are expected to lead to conforming or prosocial behavior. If the individual receives positive reinforcement for involvement with those involved in antisocial behavior, this is expected to strengthen bonding to antisocial others and to increase the likelihood of delinquent behavior (see Catalano and Hawkins 1996 for full explication of the SDM).
Thus, the SDM combines principles from control, social learning, and differential association theories to posit that social development is the product of longitudinal socialization of a child in a number of different social contexts (e.g., family, school, peer group, and community), specifically the opportunities encountered by the child in these contexts, the skills the child brings to his or her involvements and interactions in these contexts, and the rewards the child receives from these contexts for his or her interactions and involvement. Within this framework, the specific factors within socialization that contribute to delinquent or nondelinquent behavior vary according to context and developmental age.
Given the diversity in risk and protective factors that predict delinquency or nondelinquency, it is likely that the level of factors that place youths at risk for delinquent behavior in one community may differ from those that are most elevated in another community. The premise of CTC is that prevention efforts should address the specific risk factors within a community that are most prevalent and the protective factors that are most depressed in that community. In addition to targeting specific risk and protective factors within a given community, CTC operates by encouraging community members to utilize the social development strategy (Hawkins 1999) , which is essentially the prosocial path outlined in the SDM. The social development strategy states that all individuals who interact with children in a community should seek to increase opportunities for prosocial involvement and interactions; help provide youth with the skills to be successful within these prosocial opportunities; and reward and recognize youth for effort, improvement, and achievement in prosocial interactions and involvements. Using this social development strategy should build bonding to prosocial contexts among children, and, in turn, reduce the likelihood of behavior that violates these prosocial expectations, including delinquent behavior. Thus, CTC operates by targeting elevated risk and protective factors with tested and effective programs while simultaneously providing scaffolding through the social development strategy that encourages positive development among youth.
CTC is a prevention system that provides training, materials, and technical assistance to mobilize a coalition of community members to adopt methods based on the advances of prevention science (Coie et al. 1993; Mrazek and Haggerty 1994) to address adolescent drug use and delinquency. Coalitions of key stakeholders within the community are formed and the CTC Youth Survey is administered to adolescents in the community. The CTC Youth Survey assesses multiple risk and protective factors predictive of adolescent problem behaviors, including adolescent substance use and delinquency. The CTC coalition uses the results of the CTC Youth Survey to identify two to five risk factors that are elevated as well as protective factors that are depressed in the community. The coalition then uses the CTC Prevention Strategies Guide to choose and implement developmentally appropriate tested, effective preventive interventions that seek to change these specific risk and protective factors. Collaborating organizations in the community are trained to implement the new policies and deliver the new prevention programs selected by the CTC coalition. The CTC coalition monitors implementation of all new prevention programs. Thus, the CTC coalition of community members determines the type and number of tested and effective programs that are implemented in their community and encourages the use of the social development strategy to promote prosocial bonding.
The CTC system is expected to produce community-level changes in prevention service system characteristics, including greater adoption of science-based prevention programs, increased collaboration among service providers, increased use of tested and effective prevention programs, good implementation of tested and effective prevention programs, and adoption of the social development strategy by those in a variety of roles in the community who interact with children by promoting opportunities for prosocial involvement and interaction, teaching skills for prosocial participation, recognizing skillful prosocial involvement, and as a result strengthening bonding to prosocial others. Changes in prevention service systems are expected to produce reductions in the risk factors and increase the protective factors targeted by a specific CTC coalition which, in turn, should reduce problem behaviors among youth. According to CTC's theory of community-level change, it should take between 2 and 5 years to observe communitylevel changes in targeted risk and protective factors, and 4 to 10 years to observe community-level changes in adolescent problem behaviors (Hawkins and Catalano 2009) .
To date, the CTC system has been implemented in several countries (United States, United Kingdom, the Netherlands, Canada, Cyprus, Germany, and Australia). CTC has been placed in the public domain by the Center for Substance Abuse Prevention of the federal Substance Abuse and Mental Health Services Administration. All materials for CTC are available on the internet (http://www.communities thatcare.net). Nonrandomized evaluations of CTC have indicated that the prevention system helps communities to develop more effective prevention service systems and that CTC can reduce levels of risk exposure and adolescent drug use within a community (Feinberg et al. 2007; Greenberg et al. 2005) . The Community Youth Development Study (CYDS) is the first community-randomized trial of CTC Hawkins et al. 2008 ). The CYDS study was designed to determine whether CTC reduces levels of risk, increases levels of protection, and reduces the incidence and prevalence of tobacco, alcohol, and other drug use and delinquency in adolescence. The CYDS study includes a repeated crosssectional design and a longitudinal panel of individuals followed annually ). The present study focuses on the longitudinal panel of youth in intervention and control communities followed from fifth through eighth grade ).
Previous analyses of the CYDS have found that the CTC system has been successfully implemented with fidelity in intervention communities (Quinby et al. 2008) and found that experimental communities implementing the CTC system were more likely to adopt a science-based approach to prevention and have higher levels of community collaboration than control communities (Brown et al. 2007) . Studies have also documented that experimental communities use tested and effective preventive programs . Furthermore, 3 years after implementation, hypothesized effects of CTC on targeted risk factors and the incidence of delinquent behavior were observed . Four years after implementation, the CTC program was associated with lower incidence of alcohol use, binge drinking, smokeless tobacco use, and delinquency in experimental communities compared with control communities ).
Present Study
The present study examines the impact of the CTC system on the variety of delinquent behaviors in the eighth grade. In previous analyses of this same data, Hawkins and colleagues (2009) tested the effect of CTC on delinquent behavior in the eighth grade, accounting for fifth-grade levels of delinquency as well as other covariates (e.g., age, sex, parental education, race, ethnicity, religious attendance, and rebelliousness). Hierarchical linear modeling was used to model the nesting of the data (children within communities, intervention or control community, matched community pairs). Controlling for fifth-grade individual and community characteristics, analyses estimated the effect of the CTC intervention on delinquent behavior, accounting for within-and betweencommunity sources of variance. Results indicated that the CTC communities had significantly lower levels of delinquent behavior compared to matched communities randomly assigned to the control condition .
In this report, we illustrate the use of meta-analysis within a single matched-pair randomized control trial from an HLM perspective as a complement to other methods of testing intervention effects in prevention science. In contrast to the previous analysis of the effects of the CTC prevention system on delinquency in the eighth grade, the present paper: (a) estimates the effect of the intervention within each of the matched-pair communities, (b) combines effect sizes across matched pairs to derive an overall effect of the CTC system on delinquent behavior, and (c) tests if the effect size varies significantly across matched pairs.
Method
Communities in the CYDS were selected from 41 communities in the states of Colorado, Illinois, Kansas, Maine, Oregon, Utah, and Washington that participated in an earlier study, the Diffusion Project (Arthur et al. 2005 ), a naturalistic study of the diffusion of science-based prevention strategies. The drug abuse prevention agencies within these states identified 20 communities that the agency perceived to be trying to implement risk-and protection-focused prevention services. These 20 communities were then matched, within state, on population size, racial and ethnic diversity, economic indicators, and crime rates, to comparison communities that were not perceived to be using a risk-and protection-focused approach to prevention services (see Table 1 for key community demographics by matched pair). The 20 community pairs were then recruited to participate in the Diffusion Study. In one instance, two comparison communities were identified and this resulted in a total of 41 communities (i.e., one community had two matched-comparison communities). Over the course of the 5 years of the Diffusion Project, in 13 of the 20 pairs neither community in the pair advanced in their use of science-based prevention to the point of utilizing tested, effective preventive interventions to address prioritized community risks (Arthur et al. 2003) . As such, these 13 pairs of communities were deemed eligible for inclusion in the CYDS study. Twelve of these matchedpair communities were recruited for the CYDS. One community from each matched pair was assigned randomly by a coin toss to either the intervention (CTC) or control condition.
For communities in the intervention condition, CTC training and implementation began in the summer of 2003. Intervention communities received six CTC trainings delivered over 6 to 12 months by certified CTC trainers. Community leaders were oriented to the CTC system and identified or created a community coalition of diverse stakeholders to implement CTC. Coalition members were trained to utilize survey data of students collected in 1998, 2000, and 2002 in the Diffusion Project (Arthur et al. 2005) to (a) prioritize risk and protective factors to be targeted by prevention actions, (b) choose tested and effective prevention policies and programs that address the community's targeted risk and protective factors, (c) implement these interventions with fidelity, and (d) monitor implementation and outcomes of newly installed prevention programs. Because the CYDS study was initially funded by a 5-year grant, CTC communities in CYDS were asked to focus their prevention planning efforts on programs for youths aged 10 to 14 (approximately Grades 5 through 9) and their families and schools so that effects on delinquency and drug use could be observed within the grant period. CYDS implementation staff ). Each year, community coalitions implemented from one to five of these programs to address their own communitytargeted risk and protective factors. On average, three programs were implemented per community in each year. The new programs were implemented by local providers, including teachers for school programs, health and human service workers for community-based, youth-focused, and family-focused programs, and community volunteers for tutoring programs and Big Brothers/Big Sisters.
Each of the programs selected for implementation within the intervention communities was selected because it had been found to be effective in at least one well-controlled trial in preventing substance use (tobacco, alcohol, or other drug use) or delinquent behavior among youths in Grades 5 through 9. For this trial, alcohol policy changes (e.g., tax increases, social host liability, key registration) were not included in the menu of tested programs since the focus of the study was on youth in Grades 5 through 8, and these interventions have not been found to be effective in changing the behavior of youth in this age range (Spoth et al. 2008 ). However, policies and changes in policies related to substance use and delinquent behavior were monitored in both the intervention and control communities through the duration of the study period (see Hawkins et al. 2008 for more information on study design).
Participants and Procedures
Data on adolescent substance use and delinquent behavior were obtained from annual surveys of a panel of public school students who were in the fifth grade during the [2003] [2004] school year in the 24 CYDS communities (see Brown et al. 2009 for a complete description of the longitudinal panel methodology). Recruitment of students began in the fall of 2003 by mailing information packets and making in-person calls to each school district superintendent and elementary and middle school principals within the 24 CYDS communities, asking for their commitment to participate in the study and outlining the requirements of involvement in the coming year. As a result, 28 of 29 school districts (88 schools) agreed to participate. All students in fifth-grade classrooms during the 2003-2004 school year in these schools were eligible to participate in the study (see Fig. 1 for flow of participant recruitment and enrollment).
During the second wave of data collection (Grade 6), an effort was made to recruit additional students who were not surveyed in Grade 5. During Grades 5 and 6, parents of 4,420 students (76.4 % of the eligible student population) consented to participate in the study. Final consent rates did not differ by intervention condition (consent rates were 76.1 % for the intervention and 76.7 % for the control communities). Eleven percent (n0404) of the students consented in Wave 1 were ineligible for participation in Wave 2 because they moved out of the school district before participating in the study for one semester (n0388), did not remain in the grade cohort (i.e., skipped or were held back a grade; n04), were in foster care and did not have consent from state authorities to participate (n07), or were unable to complete the survey on their own due to severe learning disabilities (n05). Thirteen of the originally consented students were absent during the scheduled dates of data collection and were not available for initial surveying. The final active longitudinal panel consisted of 4,407 students (2,194 girls, 2,213 boys; 55 % from intervention communities) in 77 elementary and middle schools in Grade 6 (41 schools in intervention communities and 36 schools in control communities). Students who remained in intervention or control communities for at least one semester were tracked and surveyed annually, even if they left the community. Retention in the study was excellent, and 96 % of the students in the panel completed the survey in the eighth grade (Wave 4).
At each wave of data collection, students completed the Youth Development Survey (YDS) (Social Development Research Group 2005 , a self-administered, paperand-pencil questionnaire designed to be completed in a 50-minute classroom period. To ensure confidentiality, identification numbers, but no names or other identifying information, were included on the surveys. Parents of the students provided written informed consent for their children's participation in the study; students read and signed assent statements indicating that they were fully informed of their rights as research participants. Upon completing the surveys, students received small incentive gifts worth approximately $5 to $8 Hawkins et al. 2008 Tested prevention programs were implemented in CTC communities beginning in the summer and fall of 2004. Data were collected annually (in fifth, sixth, seventh, and eighth grade). The fourth wave of data was collected in the spring of 2007, approximately 2.67 years after the prevention programs chosen by the intervention communities were first implemented.
Measures
Delinquent Behavior Individuals were asked how many different types of delinquent behavior they had engaged in during the past month. In the fifth grade, youth reported on four different types of delinquent behavior (e.g., stealing, property damage, shoplifting, attacking someone with intention of hurting them). In the eighth grade, youth selfreported on these original four items, as well as five more serious types of delinquent behavior (carrying a gun to school, beating up someone, stealing a vehicle, selling drugs, and being arrested). The number of different types of delinquent behavior a youth endorsed was calculated at each age. These variety scores ranged from 0 to 4 in the fifth grade and 0 to 9 in the eighth grade, with higher scores indicating greater delinquency. Variety scores are commonly used to assess criminal activity (Hindelang et al. 1981) and are advantageously less subject to issues of memory recall, particularly when the delinquent activity is frequent.
Control Variables A number of characteristics were used as control covariates in the analyses: age at time of the Grade 6 survey, sex, race (dichotomized as White or not White, ethnicity (dichotomized to reflect being Hispanic or not), parental education (ranging from grade school or less to a graduate or professional degree; range01 to 6), attendance of religious services in Grade 5 (never to once a week or more; range00 to 4), and a three-item scale measuring rebelliousness in Grade 5 (e.g., "I like to see how much I can get away with;" scores ranged from 0 [very false] to 4 [very true]; alpha0.69).
Plan of Analyses
Although the proportion of individuals with missing data in the present study was quite small (from 0 % to 2.7 % for delinquency items in Grade 8), any amount of missing data can bias results. Consequently, missing data were dealt with via multiple imputation (Schafer and Graham 2002) . Using NORM version 2.03 (Schafer 2000) , 40 separate data sets including data from all four waves were imputed separately by intervention condition. Imputation models included student and community characteristics, drug use and delinquent behavior outcomes, and community memberships.
After imputing missing data, we calculated the adjusted means of delinquent behavior within each community, adjusting for age, sex, race, ethnicity, parental education, religious attendance, rebelliousness, and delinquency in the fifth grade. Adjusted means were calculated as the predicted mean for each community at the average of all covariates (i.e., average parental education, religious attendance, baseline delinquency). Subsequently, the standardized mean difference in delinquent behavior was calculated using these adjusted means in each of the matched-pair communities (i.e., delinquent behavior in experimental communities compared to control communities):
where the effect size (ES) is the difference between the mean of the experimental and the control community divided by the pooled standard deviation of the experimental and control community:
where s 2 experimental is the standard deviation for the experimental group squared, s 2 control is the standard deviation for the control group squared, and n experimental and n control refer to the total number of individuals in the matched experimental and control groups, respectively. Because the standardized mean difference estimate can be upwardly biased when based on small samples, and some communities in the matched pairs had relatively small sample size (five communities had less than 75 participants in the longitudinal panel), we used the correction recommended by Hedges (1981) for small-sample bias. This unbiased effect size was calculated within each pair:
where N is the total sample size (n experimental + n control ), ES is the biased standardized estimate of the mean difference, and n experimental and n control are the number of subjects in the experimental and control groups, respectively. Next, each effect size is weighted to the proportion of its variance:
ð1:5Þ
Weighting each effect size as the inverse of the variance around the effect size essentially weights matched-pairs with larger numbers of adolescents more heavily than samples based on smaller numbers of youth. This is because the variance around the effect size is impacted by the proportion of individuals within each matched pair (see Formula 1.4). Thus, smaller communities have larger standard errors (and variance) and are weighted less in deriving the overall effect size across matched pairs compared to larger communities. Because our effect sizes are calculated as the difference between the experimental group and the control group (experimental -control), negative effect sizes reflect that the experimental group has lower levels of delinquent behavior relative to the matched control, while positive effect sizes reflect that the experimental group has higher levels of delinquent behavior relative to the matched control.
After calculating the unbiased effect size within each of the 12 matched-pair communities, we conducted a fixed effects analysis to determine the average effect size across all matched pairs. In a matched-pair design, there are two sources of variance: variance within pairs and variance across pairs. Consequently, it was necessary to take into account both types of variance when conducting the meta-analysis. There are two techniques to conduct this analysis. Researchers can calculate the variance of the effect size using within-pair variance and across-pair variance (Dunlap et al. 1996) . Alternatively, researchers can conduct analyses in a hierarchical modeling framework, where effect sizes (Level 1) are viewed as being nested within pairs (Level 2), and between-pair variance is accounted for at Level 2. In the present analyses, we used hierarchical linear modeling (HLM) to conduct the meta-analysis.
Using (HLM, version 6.0) (Raudenbush et al. 2004 ), we estimated the average effect size across all 12 matched pairs. In the first model, we did not allow the intercept (mean effect size) to vary. Level 1 is defined as:
ð1:6Þ
Where d j is an estimate of δj. For matched pairs j01,…, J and level 2 is defined as:
In the second model, we tested if there was significant heterogeneity in the effect size by allowing the intercept (mean effect size) to vary across matched pairs.
Importantly, because the unbiased estimate of effect size and standard error of the effect size were calculated within each matched-pair community, we treated Level 1 variance as known, specifying that the model utilize our calculations of the variance around the effect size. The advantage of using an HLM perspective is that both within-community and between-community variance is accounted for when deriving the average effect size across matched pairs of communities. Analyses were run in each of the 40 imputed data sets and aggregated together by Rubin's rules (Rubin 1987) .
Results
Unbiased estimates of effect sizes were calculated and corrected for small sample bias within each matched-pair community. Figure 2 presents a box and whisker plot that illustrates the mean effect size of CTC on delinquency within each matched-pair. Within most communities, the experimental community had significantly lower levels of delinquency in the 8th grade compared to its matched pair. A few experimental communities were no different from their respective matched pair with respect to 8th grade delinquency, and one experimental community had higher levels of eighth grade delinquency compared to its matched pair. Subsequently, we estimated the overall effect of CTC on delinquency across the matched pairs.
In the first model, we did not allow the effect size to vary across community. When these 12 effect sizes were aggregated across communities, accounting for within-and between-community variance, the average effect size was −0.31 (Cohen's d; SE00.14; p00.04), indicating that experimental communities had significantly lower levels of delinquent behavior compared to controls. Converting this effect size to the common language effect size (CLES0 0.59), if a person from an experimental and control site were chosen at random, 59 out of 100 times, the individual from the intervention site would have lower delinquency than the individual from the control site (McGraw and Wong 1992) .
Finally, we tested if there was significant heterogeneity across communities in the effect of CTC on delinquent behavior (e.g., we allowed the intercept to vary at random across community matched-pairs). In this model, the overall effect size of the intervention decreased slightly (d0−0.28, SE00.14; p00.08). Importantly, we found that the variance around the effect size was significantly different from zero (χ 2 (11)0188.15797, p<0.01), indicating that the strength of the CTC intervention varied across communities. Thus, our meta-analysis indicates that CTC communities report significantly lower levels of antisocial behavior, but it also found that the strength of the intervention effect varied across matched pairs.
Discussion
An important contribution of the present study is that it documents how meta-analytic techniques can be applied to randomized matched-pair study designs. While the results of the present study are similar to those of other analyses of the CTC data (e.g., ), analyses that aggregate findings across all communities lose an important piece of information: that the effectiveness of an intervention may vary across matched pairs. Indeed, the present study finds evidence of just that. The meta-analytic technique used in the present paper allows documentation of the consistencyor lack thereof -of the intervention effect across matched pairs randomly assigned to condition. From a prevention science perspective, utilizing meta-analysis within a single matched-pair trial provides an important complement to other analytic approaches that may be used to test intervention effects (i.e., HLM pre-posttests of intervention effect).
There are notable advantages to other data analytic approaches, and the present paper does not suggest that meta-analytic techniques should replace other established methods of testing intervention effects. Rather, we argue that meta-analyses allows for an evaluation of how intervention effects may vary across matched pairs and can be an important supplement to analyses of intervention effects. Just as prevention scientists often test if the intervention effect is universal or stronger among a target subpopulation, it is important to investigate if the intervention itself is more or less successful in some implementations than others. Using a meta-analytic approach across multiple outcomes of an intervention could allow researchers to investigate why some matched pairs may be more successful at creating effects on some outcomes, but not others. Thus, prevention scientists conducting analyses on matched pairs should consider meta-analysis as a useful tool to help understand the effectiveness and heterogeneity in the effectiveness of the intervention. An important next step for researchers will be to identify sources of this heterogeneity. In doing so, an approach that carefully considers the theory of change of a given intervention may provide useful, as well as barriers to intervention implementation or demographics of a given intervention administration that may contribute to the relative success, or failure, of an intervention. Indeed, identifying characteristics that contribute to the success of an intervention allow for an iterative process where subsequent implementations of an intervention can be primed for greater success.
In addition to arguing for the advantages of meta-analysis in matched-pair randomized trials as a supplemental analyses, the results of the present study provide additional support for and extend previous work with the CTC system ), suggesting that this communitybased prevention system can effectively reduce delinquent behavior at the community level. Furthermore, to the extent that there is heterogeneity in communities in targeted risk and protective factors, the present study supports the use of an intervention framework that flexibly serves the needs of a given community. Determining whether the impact of CTC Fig. 2 Mean unbiased effect size of CTC on eighth grade delinquency within each matched-pair and overall effect on delinquent behavior continues throughout mid and late adolescence remains an important next aim of the CYDS project, particularly since delinquent behavior tends to peak in mid adolescence (Farrington 1996) .
One important limitation of the present study, and an important consideration for any prevention scientists who apply meta-analysis to their own work, is that the number of matched pairs will impact the specificity of the derived effect size. In our analyses of the CTC effect, we were limited to 12 matched-pair communities that vary in size. Although we utilized corrections to account for variability in sample size and weighted effect sizes on the basis of the standard error, more communities would have enabled greater specificity in estimating the effect size of the CTC intervention. Studies with more matched pairs would be able to derive an effect size with a smaller error and more specificity. Similarly, having more matched pairs would enable researchers to more thoroughly investigate sources of heterogeneity in the effect size across intervention and control sites.
The present study documents that using meta-analytic techniques in randomized control studies can provide useful information about community heterogeneity in outcomes. This heterogeneity can then be explored in relation to other community characteristics to better understand the factors that predict variability in the effectiveness of the intervention. This approach challenges prevention scientists to move beyond estimating the overall effectiveness of a given intervention to understand factors that lead to the strength of the effect of the intervention on outcomes.
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